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Orthostatic hypotension is the fall in blood pressure when upright and has a high preva-
lence in elderly population. Diagnostic and therapeutic work-up can be long and difficult.
We describe the case of an 81-year-old male patient with long PR interval and episodes of
2:1 atrioventricular block, in whom the implantation of a dual chamber pacemaker led to
the disappearance of orthostatic hypotension. The most likely mechanism was an
impaired cardiac filling with a short diastolic time due to a very prolonged PR interval,
a somewhat "pseudo-pacemaker syndrome". The correction of the first degree AV block
with the implantation of the pacemaker and the optimization of the AV delay allowed us to
correct the diastolic impairment and to resume a normal response to orthostatism. This
case underlies the complex and multifactorial nature of orthostatic hypotension and the
importance of a correct diagnosis of correctable causes to treat a very disabling condition.
Copyright ª 2012, Cardiological Society of India. All rights reserved.1. Introduction 2. Case presentationOrthostatic or postural hypotension is a term used to describe
the fall in blood pressure when upright. It is defined as a fall in
systolic blood pressure  20 mmHg or in diastolic blood
pressure  10 mmHg, whilst either standing or tilted up to 60
for 3 min.1,2 This condition has a very high prevalence in
elderly population (up to 30% of persons over 70 years of age)
and can be very disabling with risk of falls and major trauma.
Diagnostic and therapeutic work-up can be long and difficult
due the complex andmultifactorial nature of this condition. In
this report, we describe the case of a patientwith “trifascicular
block”, very long PR interval at ECG and episodes of 2:1 atrio-
ventricular (AV)-block, in whom the implantation of a dual
chamber pacemaker led to the complete disappearance of
orthostatic hypotension.0; fax: þ39 (0) 59659387.
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2012, Cardiological SocietA 81-year-old man was referred to our center because of
increasing episodes of documented orthostatic hypotension
(>3 episodes each day), symptomatic for near-syncope and
falls (sometimes with head trauma). We documented, more
than one time, a symptomatic sudden drop in systolic and
diastolic blood pressure (SBP drop 30e40 mmHg and DBP drop
15e20 mmHg) during the first minute after the passage from
clinostatic to upright position; heart rate slightly increased to
about 100 beats perminute (maintaining a 1:1 AV conduction);
during the episodes, glycemic levels were within normal
ranges. Drop in blood pressure persisted over the next
minutes and improved only by resuming the clinostatism
(“classical” response).1 Clinical history was characterized by
hypertension, diabetes, renal failure (glomerular filtration ratey of India. All rights reserved.
i n d i a n h e a r t j o u r n a l 6 5 ( 2 0 1 3 ) 9 5e9 99635e40 ml/min), multifactorial anemia (hemoglobin level
9e10 g/dl), chronic venous insufficiency and varicose veins; in
2008, he suffered from non-massive pulmonary embolism
treated with anticoagulation. His drug therapy was: warfarin,
repaglinide, lacidipine. ECG documented a “trifascicular
block” with right bundle branch block (RBBB), left axis devia-
tion and a very long PR interval (> 400 msec that did not
change at higher heart rates); echocardiogram showed
amildly hypertrophic left ventricle with ejection fraction 55%,
a mild mitral regurgitation (without evident diastolic regur-
gitation) and a very short diastolic filling time with partial
fusion of E and A waves at mitral pulsed wave Doppler (Fig. 1a
and b). Carotid sinus massage was negative. Neurological
investigations were negative too, without significant signs of
autonomic failure. We decided to stop lacidipine and repa-
glinide and to start midodrine treatment (2.5 mg in three
separate doses) and low dose fludrocortisone. Moreover, we
prescribed an increased fluid and salt intake (at least 2500
liquid meal each day, with 500e1000 mg sodium supplemen-
tation) and advised the patient to avoid excessive intake of
carbohydrates (to avoid postprandial hypotension), while
encouraging small and frequent meals. We also recom-
mended to avoid sudden head-up postural changes, to make
isometric exercises in case of symptoms and to wear elastic
stockings. In spite of these pharmacological and non-
pharmacological therapies, the patient remained symptom-
atic, with only a slight decrease of the number of episodes and
we still documented orthostatic hypotension; moreover, cli-
nostatic blood pressure was not well controlled with high
mean values. After some weeks, prolonged ECG monitoring
showed short episodes of 2:1 AV block while awake (sinus rate
was 70e90 beats per minute); the patient did not complain
about significant symptoms during these episodes, except for
slight asthenia. At this point of clinical history we decided to
implant a dual chamber pacemaker: a passive fixation atrial
lead was positioned in right atrium appendage and a passive
fixation ventricular lead was positioned in the apex of right
ventricle; both leads were inserted through left axillary vein
puncture. Electrophysiological study was performed at the
time of pacemaker implantation: sinus node function was
normal (corrected sinus node recovery time was 430 msec);
AH interval was prolonged (230 msec); HV interval was pro-
longed (100 msec); Wenckebach point was at 120 bpm
(500 msec). With AAI pacing 110 beats per minute AV
conduction was 1:1. The pacemaker was programmed in DDD
mode with a lower rate of 50 beats per minute and
a maximum tracked rate of 130 beats per minute; a relatively
short PVARP (Post Ventricular Atrial Refractory Period) of
250 msec was programmed to prevent “functional” atrial
undersensing (P wave shift in the PVARPwith consequent loss
of atrial tracking). Soon after the implantation, we optimized
the AV interval (in particular the sensed AV as the patient had
a good sinus node function) to ensure an adequate echocar-
diographic diastolic filling time, with a good separation of E
and A waves at pulsed wave mitral Doppler; moreover, ejec-
tion fraction increased to 65%. Since the first day after
implantation, the episodes of orthostatic hypotension did not
occur anymore; we tested the patient with an orthostatic
stress test and neither hypotension nor symptoms occurred
during paced rhythm (Fig. 2a and b). To ascertain the role ofpacing, we temporarily programmed the device to VVI mode
30 beats per minute, so that intrinsic spontaneous rhythm
could appear, and repeated the orthostatic stress test again: in
this case, orthostatic pressure dropped and patient was
symptomatic (Fig. 1a and b). Thereafter,we stoppedmidodrine
and fludrocortisone and resumed antihypertensive therapy
(lacidipine): at 6 months follow up, the patients remained
completely asymptomatic with a 100% of ventricular pacing.3. Discussion
There are many causes of orthostatic hypotension that can be
divided into three categories: neurogenic, non-neurogenic and
drugs/toxins effect. Non-neurogenic causes are more
frequently encountered and include disorders that reduce
intravascular fluid volume, impaired systolic or diastolic
cardiac function or abnormally dilated blood vessels.3,4
Neurogenic causes result from diseases affecting autonomic
nervous system within the brain, spinal cord, periphery or at
multiple sites; in primary disorders, there is no clear etiology
as in pure autonomic failure (PAF) and multiple system
atrophy (MSA); secondary causes include genetic disorders,
enzyme deficiencies or when there is an association with
clearly defined causes (i.e. diabetes mellitus or spinal cord
injuries).3e5 In our patient, neurological investigations with
autonomic tests excluded significant dysautonomia; the fall in
blood pressure was accompanied by a rise in heart rate and
signs of peripheral vasoconstriction that are usually absent in
neurogenic forms; moreover, the episodes of hypotension
persisted after the discontinuation of lacidipine and repagli-
nide. The most likely mechanism was an impaired cardiac
filling with a very short diastolic time due to a very prolonged
PR interval with fusion of E and Awaves at mitral pulsedwave
Doppler (Fig. 1a and b), a somewhat “pseudo-pacemaker syn-
drome”.6e8 The correction of the first degree AV blockwith the
implantation of the pacemaker and the optimization of the AV
delay allowed us to correct the diastolic impairment (Fig. 2a
and b) and to resume a normal response to orthostatism. This
was confirmed by the reproduction of orthostatic hypotension
only when the pacing was temporarily turned off. So, even
without the episodes of 2:1 AV block, the implantation of
a pacemaker would have been reasonable, a class IIa indica-
tion for symptomatic prolonged first-degree AV block accord-
ing to European and American guidelines for cardiac
pacing.9,10 First-degree atrioventricular (AV) block, is often
considered a benign arrhythmia, but can occasionally be
associated with severe symptoms. Although there is little
evidence to suggest that pacemakers improve survival in
patients with isolated first-degree AV block, it is well recog-
nized thatmarked (PR 0.30 s) first-degreeAVblock can lead to
symptoms similar to those in the pacemaker syndrome even
in the absence of higher degrees of AV block.11,12 Atrial
contraction begins in early diastole resulting in atrial
contraction superimposed upon the early left ventricular (LV)
filling phase and much earlier than the onset of LV systolic
pressure. There is, therefore, delayof theEwavewith resultant
fusion between the E and Awaves producing shortening of the
LV diastolic filling time. The delay in AV conduction may also
induce diastolic mitral regurgitation. Uncontrolled studies
Fig. 1 e (a) The ECG recorded in spontaneous sinus rhythm shows a first degree AV block with a very long PR interval
(> 400 msec), P waves are partially merged in the preceding T waves. (b) The simultaneous pulsed wave Doppler recording
from mitral valve shows fusion of E and A waves with a short diastolic filling time (318 msec at about 90 beats per minute).
ECG and echo images in figure 1 have been recorded after implantation in spontaneous sinus rhythm (pacemaker
temporarily programmed in VVI mode 30 bpm) and soon after the passage from supine to standing position: a sudden drop
in systolic blood pressure occurred (from 130 to 90 mmHg) with symptoms (presyncope).
i n d i a n h e a r t j o u rn a l 6 5 ( 2 0 1 3 ) 9 5e9 9 97have shown that many symptomatic patients with a PR
interval  0.30 s can be improved with dual chamber pacing
and optimized AV delay, especially in patients with normal LVfunction.13,14 Appropriate programming of pacemaker to
prevent atrial undersensing due to P wave falling in the PVARP
needs to be done. Since the retrograde VA conduction is
Fig. 2 e (a) The ECG recorded during atrial-sensed/ventricular-paced rhythm (AS-VP) shows an optimized sensed AV delay
of 120 msec. (b) The simultaneous pulsed wave Doppler recording from mitral valve shows a good separation of E and A
waves, no A wave truncation, acceptable diastolic filling time (540 msec at about 90 beats per minute). ECG and echo images
in figure 2 have been recorded with paced rhythm (AS-VP) soon after the passage from supine to standing position: systolic
blood pressure showed only a modest reduction (from 125 to 115 mmHg) without symptoms.
i n d i a n h e a r t j o u r n a l 6 5 ( 2 0 1 3 ) 9 5e9 998usually absent in such case, there is hardly any risk of endless
loop tachycardia. Hence, a short PVARP should be pro-
grammed and automatic PVARP extension after a VPB
(ventricular premature beat) should be programmed off.
Moreover, sinus tachycardia should be avoided or limited:a relatively fast sinus rate predisposes to functional atrial
undersensing because a long PR interval almost never
shortens significantly during fast rates; therefore with a fixed
PR interval, it pushes the P wave closer to the preceding
ventricular complex within the PVARP.11,15,16
i n d i a n h e a r t j o u rn a l 6 5 ( 2 0 1 3 ) 9 5e9 9 994. Conclusions
This case underlies the complex and multifactorial nature of
orthostatic hypotension and the importance of a correct diag-
nosis of potentially correctable causes to treat a very disabling
condition. Diagnostic and therapeutic work-up can be chal-
lenging and symptoms often persist despite traditional thera-
peutic options. In our case, an intervention that is not usual for
the treatment of orthostatic hypotension (pacemaker implan-
tation) allowed us to completely solve the problem because it
addressed the physiopathologicmechanism (impaired cardiac
filling due to very long PR interval). An extremely prolonged PR
interval (like in our case) is not so common in clinical practice;
moreover, RBBB and left axis deviation (in addition to first
degree AV block) are a marker of extensive nodal and infra-
nodal conduction system disease and they are additional
factors for impaired hemodynamic state, because of a likely
diffuse inter and intraventricular dyssynchrony. For these
reasons, our findings cannot be extrapolated to other patients
with isolated and less prolonged PR intervals (<300 msec).
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